The molecular ion H 3 ϩ is generally considered a fundamental molecule of interstellar chemistry, as it reacts efficiently with almost any neutral atom or molecule to initiate a network of ion-neutral reactions. It was suggested in the 1970s (1) that this network of reactions is responsible for producing molecules such as OH, CO, and H 2 O, which not only serve as important astronomical probes but also play important roles in processes such as star formation.
The recent discovery of interstellar H 3 ϩ in dense molecular clouds toward the young stellar objects GL2136 and W33A (2) , which are deeply embedded within the clouds, has provided direct observational evidence supporting the ion-neutral reaction scheme for the chemical evolution of molecular clouds. Subsequent observations have revealed the presence of abundant H 3 ϩ in many other dense clouds (3) . Because of the simplicity of the H 3 ϩ chemistry, these observations provide direct estimates of the most fundamental properties of the clouds: number density, column length, and temperature.
In the course of carrying out this survey, we observed strong and broad H 3 ϩ absorption lines in the direction of the galactic center source GC IRS 3 (4). This finding suggested that H 3 ϩ is abundant not only in gravitationally bound dense clouds with high density (n ϳ10 3 to 10 5 cm Ϫ3 ) but also in unbound diffuse clouds with low density (ϳ10 to 10 3 cm
Ϫ3
). To test this possibility, Cygnus OB2 No. 12 was observed, as this source is believed to be obscured largely by diffuse low-density clouds containing little molecular material (5) . We report here the detection of a large amount of H 3 ϩ in the diffuse clouds in the direction of Cygnus OB2 No. 12. Cygnus OB2 No. 12 (or VI Cygni 12) is the 12th member of the Cygnus OB2 association of young stars and was discovered in 1954 (6) . This association is estimated to be 1.7 kpc (7) from Earth or about one-fifth of the distance to the center of the galaxy. The star Cygnus OB2 No. 12 suffers the largest extinction of any of the members of the association, A v ϳ 10, indicating that it has the largest column of absorbing material along its line of sight (8) . On the basis of its extinction, distance, spectral type (B5), and luminosity class (Ie), the star Cygnus OB2 No. 12 is one of the most luminous stars in the galaxy (absolute visual magnitude ϳϪ10), more than a million times brighter than our sun (9) .
Although Cygnus OB2 No. 12 suffers higher extinction than other members of its association, it is generally accepted that all the extinction occurs in a spatially patchy distribution of the interstellar dust (5) . The absence of the 3.08-m water ice absorption feature, associated with dense molecular clouds, and the presence of a 3.4-m hydrocarbon feature (5), associated with diffuse interstellar gas, indicate that no dense molecular clouds occur along the line of sight. The identification of the gas with a circumstellar shell is rejected on the basis of a lack of excess infrared emission and the unusually strong stellar wind (ϳ1400 km s Ϫ1 ) of Cygnus OB2 No. 12 (10) .
We detected two closely spaced lines of H 3 ϩ near 3.67 m toward Cygnus OB2 No. 12 on 11 July 1997, using the CGS4 spectrometer at the United Kingdom Infrared Telescope (UKIRT) (11) . A third line near 3.71 m was detected on 17 September 1997 with the use of the Phoenix infrared spectrometer on the 4.0-m Mayall telescope of the Kitt Peak National Observatory (KPNO) (12). To further constrain the chemistry of the line of sight toward Cygnus OB2 No. 12, we also obtained spectra of CO (13).
The reduced H 3 ϩ spectra are shown in Ϫ line of p-H 3 ϩ . The reduced CO absorption spectrum from CGS4 is relatively weak (Fig. 2) . In dense molecular cloud sources, the fundamental CO lines are often saturated, so the relatively weak absorption toward Cygnus OB2 No. 12 suggests that the relative abundance of CO is much lower than in dense molecular clouds. ] is the number density of electrons. The dominant ion-neutral destruction path for H 3 ϩ is assumed to be reaction with CO, with a rate of
, where k CO is the rate constant. If we assume a steady state, the rates of H 3 ϩ formation and destruction are equal, so that
Because not all of the number densities in this equation can be obtained by observations, some assumptions must be made to reduce the number of unknowns in this equation. First, we assume that all electrons in diffuse clouds come from ionization of atomic C to form C ϩ (17), so that
. Second, we assume that all C is in the form of either C ϩ or CO, so that 
Note that the number density of H 3 ϩ does not depend on the absolute number density of the gas.
With the observed value of N(H 3 ϩ ), one can determine the effective path length L of the absorption using the ap- ϩ lines and column densities derived from each line. Statistical uncertainties (3) are given in parentheses, but systematic errors are difficult to estimate and may be larger. Also listed are the Doppler velocities with respect to the local standard of rest v LSR and the observed linewidths ⌬v (full width at half maximum). The uncertainty in the equivalent width (and column density) of the R(1,1) ϩ line is large as a result of the effects of a nearly overlapping telluric CH 4 line. Rest wavelengths are from (27 ).
Transition
Rest wave- (Fig. 3) show that, as ␣ increases (more C is in molecular form) from 0 to 1, [H 3 ϩ ] increases from 4 ϫ 10 Ϫ7 to 4 ϫ 10 Ϫ5 cm
Ϫ3
and L decreases from ϳ300 to ϳ3 pc. The limit ␣ ϭ 0 corresponds to the case where H 3 ϩ destruction is dominated by electron recombination (very diffuse clouds), and the limit ␣ ϭ 1 corresponds to the case where H 3 ϩ destruction is dominated by reaction with CO (very dense clouds).
The key parameter in these estimates (␣) has not been determined, but, on the basis of observations and theoretical models of diffuse clouds (17), we infer that it is less than 0.1. From Fig. 3 (Fig. 4) . From the visual extinction we can estimate N(⌺H), assuming the standard gas-to-dust ratio (24 
where the g values are the statistical weights of the o-and p-H 3 ϩ states, ⌬E is the energy difference between them, k is the Boltzmann constant, and T is temperature. Using the data in Table 1 , we obtain an estimate of the cloud temperature of 27 K. This temperature is higher than the excitation temperature derived from the CO spectrum (Fig. 2) , which is 10 K. This difference in temperatures may be reasonable because spontaneous emission will lower the excitation temperature of CO in diffuse clouds, where the collisional pumping to higher rotational states is slow as a result of the low number density.
These 15. This adopted value assumes that the CO lines are unsaturated and that the populations of the J Ͼ 2 levels are negligible. The measured equivalent widths are R(2) ϭ 7.0 ϫ 10 Ϫ5 m, R(1) ϭ 1.3 ϫ 10 Ϫ4 m, R(0) ϭ 1.4 ϫ 10 Ϫ4 m, P(1) ϭ 1.3 ϫ 10 Ϫ4 m, and P(2) ϭ 7.2 ϫ 10 Ϫ5 m. These values are uncertain by perhaps a factor of 2 because the atmospheric CO lines were nearly overlapping the interstellar CO lines at the time of measurement, causing the atmospheric correction to be quite imprecise. The line widths are ϳ20 to 30 km s Ϫ1 . The Doppler velocity with respect to the local standard of rest v LSR (ϳ15 km s Ϫ1 ) of the CO lines is in rough agreement with the H 3 ϩ data, although the systematic uncertainty due to atmospheric interference is difficult to estimate. 16. Many models of H 3 ϩ chemistry in the interstellar medium have been discussed in the literature. See, for example, S. Lepp Insight into the structure of surface alloys combined with an understanding of the relation between the surface composition and reactivity is shown to lead directly to new ideas for catalyst design. The feasibility of such an approach is illustrated by the synthesis, characterization, and tests of a high-surface area gold-nickel catalyst for steam reforming.
Single crystal surfaces have long served as models of the active part of catalysts (1) . Examples of catalyst design on the basis of fundamental, surface science-based insight are, however, extremely few. Recently, King and co-workers used a surface science approach to suggest new process conditions in which the effectiveness and stability of the usual Pt-based catalyst for the ammonia oxidation process can be markedly improved (2). Here we discuss an example in which the full step has been taken from atomistic surface science studies of model systems to the design of a high surface area alloy catalyst for the steam-reforming process. We present experimental results confirming the suggestion from a combination of scanning tunneling microscopy (STM), molecular beam scattering experiments, and density functional theory (DF T) calculations that Au alloyed into the surface layer of a Ni catalyst should increase the effectiveness of the catalyst in steam reforming. In the steam-reforming process, hydrocarbon molecules (mainly CH 4 ) and water are converted into H 2 and CO. The usual catalyst for the reaction is based on Ni as the active element (3). The main problem with the reaction is that Ni also catalyzes the formation of graphite. Graphite formation impedes the activity and may eventually lead to a breakdown of the catalyst. One solution to this problem is to selectively poison the catalyst surface by adding H 2 S to the reactants (4). Adsorbed S poisons the reforming process, but poisons the graphite formation to an even greater extent, so the net effect is an improved catalyst.
In a number of instances alloys have been shown to have superior catalytic properties (5) compared with elementary metals. In the past, research has focused on the class of binary metal systems that form ordered or random bulk alloys. Members of another class of two-component metal systems do not mix in the bulk. Even such metals may form stable alloys in the outermost surface layer (6, 7) . The Au/ Ni system belongs to this category. The heat of solution of Au in Ni is large and positive (27 kJ/mol). Yet it has been found in STM studies by Nielsen et al. (7) that when Au is added to any of the low index Ni surfaces, an alloy is formed in the first atomic layer (Fig. 1) . The Ni atoms in the surface layer are undercoordinated compared with the Ni atoms in the bulk. The Au atoms have an electron density that is more extended than that of the Ni atoms. When the Au atoms are alloyed into the surface layer, the neighboring Ni atoms experience a higher electron density or, equivalently, a higher effective coordination number. One can say that the Au atoms that are alloyed into the surface layer help in lowering the Ni surface energy (7) .
The existence of this class of two-component bulk-immiscible metals that form surface alloys allows synthesis of materials in which the properties are changed selectively at the surface.
It is possible to use Au to modify the reactivity of Ni with respect to the steamreforming process. As discussed above, two factors determine the suitability of a surface as a catalyst for this process: (i) the ability of the surface to activate hydrocarbon molecules and (ii) the tendency of the surface to bind C and form graphite. As a measure of the ability of the surface to activate hydrocarbon molecules, we consider the energy barrier for abstraction of the first H atom from CH 4 . For pure Ni catalysts, this is the rate-limiting step in the steam-reforming process (8) . The effect of Au on the activation barrier was studied both theoretically and experimentally.
DF T calculations of the dissociation of CH 4 were performed by Kratzer et al. (9) , who used a Ni slab with varying amounts of Au substituted into the surface layer to 
